Data from several clinical trials of CGM have shown mixed results in regards to its impact on glycemic control. 7 In some clinical trials, only patients on CSII were included or had initiated CGM and CSII simultaneously as an intervention. In other trials both patients with MDI and CSII were included, and post hoc analyses have also resulted in mixed findings, where the impact on glycemic control appears to differ when CGM is combined with MDI versus CSII. [8] [9] [10] Although the absolute majority of adults with type 1 diabetes are treated with MDI, clinical trials evaluating the effect of CGM compared to conventional therapy in persons treated with MDI have not been carried out.
The aim of this study was to analyze the effect of CGM on glycemic control, hypoglycemia, quality of life, and glycemic variability in individuals with type 1 diabetes treated with MDI.
Method
The present study was a randomized, open-label, controlled trial with a cross-over design conducted at 15 sites in Sweden with experience of treating adult patients with type 1 diabetes. After a run-in period of up to 8 weeks, patients were followed for 69 weeks where each treatment period consisted of 26 weeks with a between wash-out period of 17 weeks (Figure 1 ). The trial was investigator initiated and sponsored by the NU Hospital Group, Trollhättan and Uddevalla, Sweden. The primary endpoint was the effect on HbA1c.
Screening
Individuals with type 1 diabetes, HbA1c ≥ 7.5% (58 mmol/ mol) treated with MDI were included. Patients were required to have a fasting C-peptide level < 0.3 nmol/l and diabetes duration > 1 year. Other inclusion and exclusion criteria are shown in Table 1 . All laboratory tests for screening and throughout the study were analyzed at a central laboratory (Research Centre for Laboratory Medicine, Karolinska University Hospital, Stockholm, Sweden).
Run-In Period
One purpose of the run-in period was to perform masked CGM during 2 weeks before randomization. Before masked CGM, patients completed a series of self-report questionnaires to evaluate preintervention treatment satisfaction, fear of hypoglycemia, hypoglycemia confidence, diabetes-related distress, well-being, and physical activity: 20, 21 An additional 19 questions, focusing on a variety of psychosocial, diabetes-related, and demographic factors, were included in the preintervention battery as potential predictors of CGM-related clinical outcomes (Supplement page 2). All questionnaires were completed at the study site. It was emphasized to study sites that patients be allowed to complete questionnaires prior to clinical measurements and before other study activities, such as adjusting treatment, were discussed at the visit. Sites were instructed to allow patients to answer questionnaires in a reasonably quiet environment and on their own; however, the site personnel were instructed to help patients complete questionnaires, if necessary, without influencing patients' responses. Site personnel were instructed to check questionnaires for completeness, and all questionnaires, aside from the final group of 19 predictor questions (which were administered only before randomization), were completed at set intervals throughout the study. In addition, at week 69 the DTSQc was completed.
After the masked CGM period patients who believed they would not wear the CGM sensor more than 80% of the study time during the period with CGM, and patients who did not perform adequate calibrations during the run-in period (on average at least 12 of 14 during a 7-day period), were excluded. Patients were shown an example picture of glucose curves (not their own curves) with trend arrows, explained by the physician/diabetes nurse to give them a better chance to judge how often they would use the sensor. Patients used their own blood glucose meter for self-monitoring of blood glucose (SMBG) during the run-in period and the rest of the study. In general, regions in Sweden only allow blood glucose meters with a CV of <10%, which ensures a high level of precision.
Randomization
After a maximum run-in period of 8 weeks, patients were randomized 1:1 to either the Dexcom G4 stand-alone system or conventional treatment in treatment period 1. A centralized web system was used, with block randomization performed on each site.
Treatment
The studied intervention was CGM (Dexcom G4 PLATINUM, Dexcom Inc, San Diego, CA) which was compared to conventional therapy using only SMBG for guiding the dosage of insulin. All patients in the trial were instructed regarding basic information on insulin dosing, such as bolus correction, types of foods elevating glucose levels, and the effect of physical activity on glucose control. The information was provided at the same level as in clinical practice for Exclusion criteria 1. Pregnancy, planned pregnancy for the study duration, or pregnancy during the past 6 months. 2. Severe cognitive dysfunction or other disease, which is judged by the physician to be not suitable for inclusion. 3. Required continuous use of paracetamol. Paracetamol must not have been used the week before the study and shall not be used during CGM-use because it disturbs the interpretation of blood glucose levels estimated by the Dexcom G4. However, other pain killers can be used throughout the study duration. 4. Current CGM use (within the past 4 months). 5. History of allergic reaction to any of the CGMS materials or adhesives in contact with the skin. 6. History of allergic reaction to chlorhexidine or alcohol antiseptic solution. 7. Abnormal skin at the anticipated glucose sensor attachment sites (excessive hair, burn, inflammation, infection, rash, and/ or tattoo). 8. Patient is uncomfortable by using the sensor during the blinded run-in period and believes it is unlikely that he or she will use the sensor more than 80% of the time during the trial. 9. The patient has on average performed 12 or fewer calibrations per week during the run-in period. 10. Insulin pump therapy = CSII. 11. Diabetes duration < 1 year. 12. Participation in another study. 13. Fasting C-peptide level of 0.3 mmol/l or higher. 14. Other investigator-determined criteria making patients unsuitable for participation. 15. eGFR < 30 ml/min (estimated from creatinine, age, and sex at the inclusion visit by the MDRD-formula). 16. Planned house move during the next 1.5 years, making it difficult to come to study visits.
patients with type 1 diabetes, to guarantee that all patients have basic skills for dosing insulin. All patients were also educated on the proportion of rapid acting insulin analogues remaining at various time points after injection. 22 Patients' basic skills of SMBG-measurement were controlled and they were educated on using the Dexcom G4 system. During the study patients continued using the type of basal and mealtime insulin they had previously used in clinical practice. At clinical visits the diabetes nurse or physician discussed glucose levels measured by SMBG and CGM data with the patient for possible improvements in their diabetes care. The discussions were performed to correspond with intensive therapy used in clinical practice. During the first week after CGM use commenced there were no alarm levels set on the CGM, other than a constantly active acute alarm at 55 mg/dl (3.1 mmol/l). This allowed the patient to become active in judging CGM trends instead of merely reacting to a variety of alarms. The clinical visit at screening was performed by a physician; this was also the case at the end of treatment phase 1 and start and end of treatment phase 2. Other visits could be carried out by either a diabetes nurse or physician, but preferentially by the same person in both treatment phases at the corresponding visits.
Alarm settings were introduced no later than 2 weeks after randomization. At each visit the patient was encouraged to use the CGM information at least every 1-2 hours during daytime. Correspondingly, patients were encouraged to measure blood glucose levels when randomized to conventional therapy in accordance with guidelines, that is, at least 4 times a day. At the first visit in each treatment period patients were evaluated for general skills adopted on dosing insulin, types of foods that elevate glucose levels, and the influence of physical activity on glucose levels. Blood glucose values were evaluated during visits of patients receiving conventional therapy for possible improvements in dosing insulin in relation to, for example, food intake and physical activity. In addition, CGM data were retrospectively analyzed and reviewed for patients treated with CGM. When randomized to CGM patients received 10 general guidelines that were considered during treatment and discussed with the diabetes nurse or physician (Supplement page 7). Insulin dosages were performed based on SMBG values and not CGM values.
Clinical Visits
In each treatment phase patients receiving Dexcom G4 and conventional therapy had the same number of visits. For treatment phase 1 the visit schedule was as follows: randomization, week 2, week 4, week 13, and week 26 (Figure 1 ). Corresponding visits for treatment phase 2 were week 43, week 45, week 47, week 56, and week 69 (Figure 1 ). HbA1c was recorded at the start of each treatment period and all subsequent study visits except weeks 2 and 45. Fasting blood samples for blood lipids, creatinine, sensitive CRP, apolipoproteins, and biobank samples were collected at randomization and weeks 26, 43, and 69. Urine albumin creatinine ratio was measured at the same visits as fasting blood samples.
Masked CGM was performed for all participants during 2 weeks before randomization and 2 weeks before week 43 (the starting point of the second treatment phase). During the treatment period with conventional therapy, patients also had masked CGM during 2 of the 4 last weeks (weeks 23-26 or 66-69). Masked CGM was used to evaluate time in hypoglycemia, time in euglycemia, time in hyperglycemia, and glycemic variability. At all visits the number of SMBG measurements were recorded by downloading data. CGM data were downloaded to evaluate glucose levels, proportion of time the CGM system was used, and potential improvements for optimizing glycemic control. A detailed description of procedures including various blood samples and questionnaires is provided in Table 2 .
Endpoints
The primary endpoint was the difference in HbA1c between the last visit in each treatment phase, weeks 26 and 69. HbA1c was analyzed according to IFCC standard using the instrument Variant II Turbo (Bio-Rad Laboratories). 23 All predefined endpoints are shown in Table 3 .
Monitoring and Laboratory Analyses
Gothia Forum, Gothenburg, Sweden, monitored the trial and the Research Centre for Laboratory Medicine at Karolinska University Hospital, Stockholm, Sweden, was the central laboratory analyzing all blood samples. Urine albumin/creatinine ratio was the only sample analyzed at the local laboratory. The study was approved by the Ethics Committee at the University of Gothenburg, Gothenburg, Sweden as a multicentre, randomized trial (December 12, 2013, diary number 857-13). The trial was registered on ClinicalTrials. gov, number NCT02092051.
Statistics
The full analysis set consists of all randomized patients who received at least 1 follow-up measurement in each treatment phase.
The per-protocol population (PP-population) consists of all patients in the full analysis set without any significant protocol deviations. The PP-population is defined at the clean-file meeting before the database is locked.
The safety population consists of all randomized patients who received treatment (conventional or CGM) at any time. In the safety analysis patients will be assigned to treatment given, not the randomized treatment.
The primary efficacy analysis was the difference in HbA1c at weeks 26 and 69 between CGM and conventional therapy for the full analysis set using a general linear model Physical examination is to be performed at visit 2 (inclusion), visit 9 (week 26), visit 11 (week 43), and visit 16 (week 69). Education on Dexcom G4 system will be performed at start visit, week 2, and week 4 in each period. Knowledge on how to perform SMBG will be checked and education will be performed if judged clinically indicated. At randomization and week 43, basic knowledge of insulin dosing will be checked and, if necessary, patients will be educated about basic insulin dosing. At visit week 13 and week 26 (and corresponding to week 56 and week 69) participants using CGM will be asked how frequently they look at the receiver screen.
adjusted for both period's effect and subject effect. This implies that treatment effect will be analyzed within subjects and period's effect will be handled correctly. If efficacy measurements from 26 and 69 weeks follow-up, respectively, are missing, the last observation carried forward (LOCF) principle will be applied. LOCF will not be applied to measurements at the first visit in each treatment period (randomization and week 43). Secondary efficacy analyses, the differences in the secondary endpoints (Table 3 ) between CGM and conventional therapy, will also be analyzed adjusted for period's effect and subject effect on the full analysis set. The theory of sequential multiple test procedures will be applied for the primary analysis and for secondary analyses. If a test gives a significant result at the 5% significance level, the total test mass will be transferred to the following number in the test sequence until a nonsignificant result is achieved. The above efficacy analyses will also be performed on the PP-population. All significance tests will be performed 2-sided at significance level of .05.
The study was powered to detect a difference of 0.3% (3 mmol/mol) in HbA1c between weeks 26 and 69, at 90% power, assuming a standard deviation of 1.1%, which requires 144 participants. Assuming a drop-out rate of 10% 160 individuals were required to be enrolled.
Results
A total of 205 patients were screened, of whom 161 patients were randomized. Of excluded patients, 22 declined participation, 10 had HbA1c below 7.5% (58 mmol/mol), 5 experienced problems with CGM during run-in, 3 had C-peptide of 0.3 nmol/l or higher, 1 had insulin pump therapy, 1 was planning pregnancy, 1 was evaluated for kidney transplantation and 1 fulfilled more than 1 of the mentioned criteria. Patients were randomized between February 2014 and December 2014. Study completion is anticipated in April 2016.
Discussion
This trial is believed to be the first randomized trial evaluating the effect of CGM in a pure MDI treated population with type 1 diabetes. In total, 161 individuals were randomized in a cross-over design to CGM or conventional therapy consisting of SMBG for monitoring glucose levels. Besides showing whether CGM has an effect on improving glycemic control in this patient group, where few treatment options currently exist, the trial will evaluate effects of CGM on hypoglycemia, glycemic variability, and patient experience with respect to treatment satisfaction, hypoglycemia fear, hypoglycemia confidence, diabetes-related distress, wellbeing, and physical activity.
Recently it has been shown that there is still a high excess risk of mortality in individuals with type 1 diabetes. [25] [26] [27] In individuals younger than 40-50 years of age acute complications in the form of ketoacidosis and hypoglycemia are major drivers for this excess risk, while cardiovascular disease is the major cause in older individuals. 25, 27 Improved glycemic control is associated with both lower risk of cardiovascular disease and all-cause mortality. 25, 28, 29 Since most adult individuals with type 1 diabetes are treated with MDI, 30 there is a great need for treatments improving glycemic control and reducing the risk of hypoglycemia in this population.
Since the current trial is believed to be the first in a pure MDI population of type 1 diabetes, any beneficial effects on HbA1c, hypoglycemia, or other parameters are of interest. Moreover, the Dexcom sensor per se, has been sparsely evaluated in long-term and large randomized trials, both in patients treated with MDI and CSII. The Dexcom G4 sensor used in the current trial has shown higher accuracy in estimating blood glucose levels than other CGM sensors. [31] [32] [33] High accuracy is likely essential not only for making correct treatment decisions, but also for gaining patients' confidence in using the CGM system. 34 It may also influence the possibility of detecting hypoglycemia, and the Dexcom G4 has shown high accuracy in this glycemic range. 31 Furthermore, the Dexcom G4 stand-alone system has been associated with high treatment satisfaction. 31 In earlier studies the effect of CGM on HbA1c has been strongly associated with the time of sensor use. 35 A greater proportion of time the sensor is used has been associated with a greater reduction in HbA1c. Long-term as opposed to shortterm sensor use has also been associated with reductions in HbA1c in clinical practice. 36 High accuracy and treatment satisfaction with the CGM system may therefore be essential regarding effects on HbA1c and other parameters. Another novelty in the current trial, in contrast to many earlier randomized CGM trials, is that no upper limit of HbA1c was set for inclusion. Recently it was shown, that those patients with very poor glycemic control have 8-10 times excess risk of allcause and cardiovascular mortality. 25 Therefore it will also be essential to evaluate effects in this subgroup of patients.
In the current trial extensive questionnaires of treatment satisfaction, hypoglycemia fear, hypoglycemia confidence, diabetes-related distress, well-being, and physical activity were included. Such evaluations may also lead to further understanding of CGM effects besides those of glycemic parameters. For evaluating how glycemic variability or other glucose patterns affect different metabolic parameters in the future, biobank samples were collected.
Regarding the current study design, it is noteworthy that a potential draw-back with a cross-over design can be possible carryover effects. It could be speculated that patients will learn from CGM regarding their treatment, for example insulin dosing, eating habits, and effects of exercise. However, if a carryover effect of CGM on conventional therapy exists it would rather underestimate the effect of CGM than overestimate any beneficial effect. In an earlier cross-over study of patients with CSII, those randomized to CGM had no clear carryover effects. 9
Conclusion
In conclusion, the CGM-MDI trial intends to improve knowledge of CGM in adult individuals with type 1 diabetes treated with MDI. It will extend knowledge of effects on HbA1c, hypoglycemia, quality-of-life indicators, and glycemic variability in this population. In the CGM-MDI trial there was no upper limit of HbA1c for inclusion, which will hopefully improve knowledge also for patients with very poor glycemic control, who generally have the highest risk for excess complications and mortality.
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